Purpose This study compared the catheter-associated urinary tract infection (CAUTI) rates resulting from the use of four perineal care agents (soap-and-water, skin cleansing foam, 10% povidone-iodine, and normal saline) among patients in intensive care units (ICUs). Methods This four-group experimental study was done with 97 adult patients who had urinary catheters over 2 days in three ICUs between April and July 2008. The patients received one of the four types of perineal care. Data collected included the incidence of CAUTI at baseline (prior to perineal care) and 1 week, 2 weeks, and 4 weeks after beginning perineal care. Patients were divided into UTI and non-UTI groups based on the Centers for Disease Control and Prevention/National Healthcare Safety Network UTI definition to calculate incidence rates. The hazard ratio (HR) and 95% confidence intervals were calculated by Cox's proportional hazard analysis. Results The cumulative incidence of CAUTIs per 100 urinary catheter days were 3.18 episodes during 1 week with urinary catheter, 3.31 during 2 weeks, and 3.04 during 4 weeks. No statistically significant difference in hazard ratios of CAUTIs for each perineal care agent was evident with reference to soapand-water at 1 week, 2 weeks, and 4 weeks after beginning perineal care after controlling for age, use of antibiotics, fecal incontinence, consciousness level, fever, and diabetes. Conclusions The type of perineal care does not influence the incidence of CAUTIs. Further confirmatory studies with a larger patient population should be conducted, as well as determining perineal agent preference. [Asian Nursing Research 2010;4(3):142-150] 
INTRODUCTION
Urinary tract infections (UTIs) are the most common healthcare-associated infections, accounting for more than 30% of all hospital infections (Klevens et al., 2007) , and are especially common among patients in the intensive care unit (ICU) or rehabilitation ward (Girard, Mazoyer, Plauchu, & Rode, 2006; Wagenlehner, Loibl, Vogel, & Naber, 2006) . Over 80% of nosocomial UTIs are related to the insertion of indwelling urinary catheters (Anderson et al., 2007) . Minimizing indwelling urinary catheter insertion and/or period of its use is an obvious strategy to prevent catheter-associated urinary tract infections (CAUTIs). But, when the insertion of an indwelling urinary catheter is inevitable, various interventions to minimize CAUTIs such as catheter material and size, perineal care, maintenance of a closed system, and use of antibiotics in the urine bag should be considered (Willson et al., 2009) .
Perineal care after indwelling urinary catheter insertion is important for the prevention of CAUTIs because the incidence of bacteriuria increases among patients with indwelling urinary catheters who have bacterial colonization around the urinary tract (Tsuchida et al., 2008) . However, very limited research focusing on perineal care for the prevention of CAUTIs has been done. Only six studies published between January 1980 and November 2008 were available from three major electronic databases for the recent systematic review on the perineal care for the prevention of CAUTIs (Willson et al., 2009) . Half of these studies focused on the association of bacteriuria with daily or twice-daily application of an antiseptic solution or cream, such as povidone-iodine or chlorhexidine, and the other half of the studies reported the relation of bacteriuria to a twice-daily application of antibiotic ointments, disinfection of the drainage bag with a povidone-iodine solution, or application of 1% silver sulfadiazine cream to the perineum (Willson et al.) .
The limited information is reflected in the clinical practice guideline on provided by the Joanna Briggs Institute (JBI), which states that the evidence does not support the routine use of antiseptic or antimicrobial solutions, ointments, or creams (JBI, 2000) . Furthermore, the United States Centers for Disease Control and Prevention (CDC) guideline states that surface cleansing during daily bathing or showering is appropriate (Gould, Umscheid, Agarwal, Kuntz, & Pegues, 2010) . Yet, there is no standardized or recommended perineal care agent for indwelling urinary catheters, and how care is delivered remains confusing. In fact, ICU nurses use different types of perineal care agents including soap-and-water, skin cleansing foam, 10% povidone-iodine, and normal saline, even in the nearabsence of information regarding the agents' efficacy with respect to CAUTI.
To provide more information, the present study was designed to calculate the interval and cumulative incidence of CAUTIs during the use of soap-andwater, skin cleansing foam (Menalind; Hartmann International, Heidenheim, Germany), 10% povidoneiodine, and normal saline for ICU patients. The study also compared the incidences of CAUTI. The aim was to assist ICU nurses in selecting the best perineal care agent.
METHOD

Study design
This was a four-group nonrandomized open clinical trial that compared CAUTI rates by the use of perineal care agents including soap-and-water, skin cleansing foam (Menalind), 10% povidone-iodine, and normal saline among patients in ICU prior to agent use (baseline, 0 week), and at 1 week, 2 weeks, and 4 weeks ( Figure 1 ). The endpoint was CAUTI, evidence as asymptomatic bacteriuria. Perineal care (intervention) was provided with the agents allocated to each ICU immediately before the catheter was inserted and once a day beginning the following day. The confounding variables were age, use of antibiotics, fecal incontinence, consciousness level, fever and diabetes (Gould et al., 2010; Tsuchida et al., 2008) .
Study participants
The specific inclusion criteria were based on the definition of health care-associated infections (Garner, Jarvis, Emori, Horan, & Hughes, 1988) , and included patients who (a) were newly admitted to an emergency, medical or neurosurgical ICU at a National University Hospital in Korea between April 1, 2008 and July 31, 2008; were female over 20-yearsof-age; (c) did not have a diagnosis of a urinary tract infection, that is, negative urine cultures prior to the study; (d) did not have an indwelling catheter when admitted to the ICU or had an indwelling catheter inserted in the emergency room in the study hospital within 12 hours before admittance to an ICU, and who had baseline urine culture; and (e) kept the indwelling catheter in situ at least 2 days after insertion. Only female patients were enrolled to the control group for consistency of the perineal care, since care for females was done by nurses and for males was done by physicians.
One hundred and twenty female patients were admitted to the ICUs during the study period. Of these, 23 patients were excluded because of a preexisting bacteriuria or a catheterization period of less than 2 days. Of the 97 remaining participants, the perineal care assignments were soap-and-water (n = 22), skin cleansing foam (n = 24), 10% povidoneiodine solution (n = 28), and normal saline (n = 23). Ethical approval for the study was given by the Hospital Institutional Review Board.
Study instrument
The study instrument was a structured data collection form developed by our research team. It was composed of four sections: (a) general characteristics of participants (age, diagnosis at admission, underlying diseases, use of antibiotics, fecal incontinence, consciousness level, fever over 38°C); (b) catheterrelated characteristics (insertion date and place, size and type, reason for insertion and removal date); (c) perineal care-related characteristics such as maintenance of closed system, fixation and perineal care agents as completed by the attending nurses; and (d) CAUTIs. CAUTI occurrence was completed by one of the researchers based on the CDC definition of UTI, in particular, asymptomatic bacteriuria (Horan, Andrus, & Dudeck, 2008) after evaluating urine culture and urinalysis test results.
Interventions (perineal care procedures)
We developed protocols and checklists to specify how to insert and manage the indwelling urinary catheters, and how to apply the perineal care agents on the perineum based on the UTI prevention guideline (Gould et al., 2010) to minimize the effect of the exogenous factors on the incidence of CAUTIs and control the consistency of perineal care of attending nurses. Protocols and checklists included aseptic handling and maintenance of a closed system, limiting separation of the indwelling urinary catheters and urine bags, and how to separate the catheters and urine bags, if necessary, aseptic management of the urine bags, aseptic urine specimen sampling using syringes, and fixation of the indwelling urinary catheters. The protocol was tested during February 2008, and was evaluated during several meetings with head nurses and researchers. Before starting the intervention, the head nurse of each ICU educated each nurse of the protocols, ensured that the protocols were strictly observed, and completed the checklist every shift to make sure of their compliance. The ICU staff nurses provided perineal care to the patients once a day according to the protocol while the catheter was in place, with the exception being the agent applied. For soap-and-water care, the inner area of the perineum was washed from the labia minora to the labia majora using a liquid soap ball. The soap ball was held in a Kelly clamp, which was grasped with a sterile gloved hand. Rinsing was done from front to rear using a wet cotton ball. For the skin cleansing foam care, Menalind was sprayed on the perineum area. The spray bottle was grasped with a sterile gloved hand. Rinsing was done as described for soap-and-water care. The 10% povidone-iodine care and normal saline care were done in the same manner as soap-and-water care with 10% povidone-iodine balls and normal saline balls without rinsing, respectively. ICU staff nurses were allowed to provide perineal care more than once a day using the same agent in an inevitable situation such as fecal incontinence. Considering the differences in the underlying characteristics of patients in each ICU, the study was conducted so that the four perineal care agents could be applied to the patients in three ICUs during the study (Table 1) .
Urine collection
Urine collection was done by the staff nurses in charge. If a patient was admitted to an ICU with an indwelling urinary catheter inserted in the emergency room, the staff nurse confirmed whether or not the baseline urine sample was collected in the emergency room, and made sure that urine was collected within 12 hours after catheter insertion. Urine collection was done at 1 week, 2 weeks, and 4 weeks after beginning catheterization, or at the time of catheter removal for any reason. Collected urine was sent to the hospital laboratory as soon as possible, and always within 2 hours after collection, and bacteria were cultured using standard microbiological methods (Barrow & Feltham, 1993) . Bacterial identification was done by conventional methods according to the Kirby-Bauer disc diffusion technique with the VITEK 2 system (bioMerieux, Marcy l'Etoile, France) and the Microscan system (autoSCAN-4; Siemens, Munich, Germany).
Statistical analyses
All analyses were performed using SPSS software version 14.0 (SPSS Inc., Chicago, IL, USA). For all statistical analyses, the significant levels were set as p < .05. Baseline demographic characteristics for the four agents were evaluated using χ 2 statistic and Fisher's exact tests for categorical variables. Patients were divided into UTI and non-UTI groups based on the CDC definition of UTI (Horan et al., 2008) to calculate incidence rate. The interval incidences and 
cumulative incidences per 100 urinary catheter days among the four perineal care groups were calculated. The interval incidences were the number of new incidence of CAUTIs that occurred during a specified period of time in patients' urinary catheter days at risk for developing the CAUTIs. The cumulative incidences were the number of all CAUTIs that occurred during a specified period of time in patients' urinary catheter days at risk for developing the CAUTIs. The differences in the cumulative incidence among the four groups at baseline, 1 week, 2 weeks, and 4 weeks were assessed by the log-rank statistic using the Kaplan-Meier method, because the time to CAUTI occurrence was different by participant and there was censoring by transferring to other places or death. Cox proportional hazard modeling was used to calculate hazard ratios and 95% confidence intervals for the cumulative incidence of CAUTIs after controlling for the confounding factors of age, use of antibiotics, fecal incontinence, consciousness level, fever, and diabetes. The predictor was the perineal care agent (using soapand-water as reference), the status variable was divided into CAUTI occurrence or censored, and the time variable was time to incidence of CAUTIs. The simultaneous method was used to input the predictor and confounding factors to the model.
RESULTS
General characteristics of participants by perineal care agent
The participants who had diabetes differed in the four perineal care agents (c 2 = 6.135, p = .034). Other variables such as age (c 2 = 6.065, p = .108), use of antibiotics (c 2 = 2.742, p = .453), fecal incontinence (c 2 = 1.489, p = .689), consciousness level (c 2 = 0.623, p = .915), fever (c 2 = 2.747, p = .432), and catheter days (c 2 = 9.560, p = .144) were not different in the four perineal care agents (Table 2) .
Interval and cumulative incidence of CAUTIs per 100 urinary catheter days by perineal care agent Interval incidence of CAUTIs per 100 urinary catheter days was 3.18, 3.57, and 1.92 during 1 week, 1-2 weeks, and 2-4 weeks after beginning perineal care, respectively. The cumulative incidence of CAUTIs per 100 urinary catheter days was 3.18, 3.31, and 3.04 during 1 week, 2 weeks, and 4 weeks after beginning perineal care, respectively (Table 3) . Interval incidence of CAUTIs per 100 urinary catheter days for soap-and-water was 3.15, 6.41, and 1.41 during week 1, 2, and 2-4, respectively, and the cumulative incidence of CAUTIs per 100 urinary catheter days for soap-and-water was 3.15, 4.39, and 3.62 episodes during week 1, 2, and 4 after beginning perineal care, respectively (Table 3) . Interval incidence of CAUTIs per 100 urinary catheter-days for skin cleansing foam was 1.92, 4.44, and 5.26 episodes during week 1, 2, and 2-4, respectively, and the cumulative incidence of CAUTIs per 100 urinary catheter days for skin cleansing foam was 1.92, 2.85, and 3.17 episodes during week 1, 2, and 4 after beginning perineal care, respectively (Table 3) . Interval incidence of CAUTIs per 100 urinary catheter days for 10% povidone-iodine solution was 5.13, 1.54, and 0 episodes during week 1, 2, and 2-4, respectively, and the cumulative incidence of CAUTIs per 100 urinary catheter days for 10% povidone-iodine solution was 5.16, 4.07, and 3.30 episodes during week 1, 2, and 4 after beginning perineal care, respectively (Table 3) . Interval incidence of CAUTI per 100 urinary catheter days for normal saline was 2.36, 0, and 2.13 episodes during week 1, 2, and 2-4, respectively, and the cumulative incidence of CAUTI per 100 urinary catheter days for soap-and-water was 2.36, 1.72, and 1.81 episodes during week 1, 2, and 4 after beginning perineal care, respectively (Table 3) . Kaplan Meier analyses showed no statistical difference in the cumulative incidences of CAUTI by agents at 1 week (c 2 by log-rank = 1.617, p = .655), 2 weeks (c 2 by log-rank = 2.238, p = .525), and 4 weeks (c 2 by log-rank = 2.046, p = .563) ( Table 3) .
Comparison of cumulative incidence of CAUTIs by perineal care agent
Multivariate hazard ratios of cumulative incidences of CAUTI by time after controlling for possible confounding factors revealed that, no statistical differences were evident at week 1, 2 and 4 between soap-and-water, skin cleansing foam, 10% povidoniodine and normal saline (Table 4) .
DISCUSSION
Currently, there is no perineal care agent that is specifically recommended for indwelling urinary catheters.
In an effort to provide data useful to such a recommendation, the present study compared the incidences of CAUTI in ICU patients with indwelling urinary catheters after applying four different perineal care agents. The overall incidence of CAUTI per 100 catheter days was the highest 2 weeks after insertion of the catheter, which was similar to a previous study in which the highest incidence of bacteriuria was between day 13 and 15 among patients with prolonged catheter drainage following pelvic surgery (Bartsch et al., 2008 ).
When we compared the incidence of CAUTIs among four different agents, no significant differences were evident among the agents after controlling for age, antibiotic use, fecal incontinence, consciousness, fever and diabetes, which are known risk factors of CAUTI in patients with indwelling urinary catheters. ICU staff nurses were permitted to provide perineal care more than once a day using the same agent in an inevitable situation such as fecal incontinence. This variation in protocol did not have appreciable influence on the results, in light of the lack of any statistically significant difference in fecal incontinence in the four perineal care groups. This result supports the previously published views that there is currently a lack of evidence to recommend any particular antiseptic or antimicrobial solutions, ointments, or creams for perineal care (Gould et al., 2010; JBI, 2000) . However, decades ago, a study reported that patients who received perineal cleansing combined with an application of a povidone-iodine ointment showed higher bacteriuria rates when compared to those receiving no special care, and patients treated with a nonantiseptic solution containing soap-andwater also experienced higher rates of bacteriuria than did patients randomized to no special perineal care (Burke et al., 1981) . It is hard to compare the current results with this previous study because bacteriuria was not detected in the absence of special perineal care. As well, the previous study did not compare bacteriuria between the povidone-iodine ointment and soap-and-water treatments.
The present results suggest that ICU nurses can use any kind of perineal care agent to achieve infection control. However, nurses should prudently consider the characteristics of each perineal care agent. For example, soap-and-water is relatively cheap, but can cause skin irritation and dryness (Boyce, Kelliher, & Vallande, 2000; Winnefeld, Richard, Drancourt, & Grobb, 2000) . Also, soap itself can cause nosocomial outbreaks when contaminated (Sartor et al., 2000) , and it is inconvenient to prepare and apply to patients. Skin cleansing foam is more expensive than soap, but it can easily be used in perineal care, and is easier to get rid of odors and contaminants. Anecdotally, skin cleansing foam is preferred by attending nurses. Povidone-iodine is quite expensive, and it can be irritating to the skin (Larson, Leyden, McGinley, Grove, & Talbot, 1986) . Normal saline is cheap and less irritable, but it takes longer to decontaminate and cannot eliminate odor.
To the best of our knowledge, this is the first study to compare the incidences of CAUTI in ICU patients with four different perineal care agents at the same time. Most studies on the perineal care agents investigated the association of bacteriuria between daily and twice-daily application of antiseptic solution or creams, such as povidone-iodine or chlorhexidine (Willson et al., 2009 ), but no studies reported the incidences of CAUTI in ICU patients with skin cleaning foam or normal saline as perineal care agents. Presently, we strove to minimize the effect of the exogenous factors on the incidences of CAUTI and control the consistency of perineal care of attending nurses by developing protocols and checklists on the insertion and management of indwelling urinary catheters based on the UTI prevention guideline (Gould et al., 2010) , letting every nurse strictly follow the protocols, and ensuring the completion of the checklist every shift.
There are several limitations in the study. The first is a lack of generalizability because the study was done in three ICUs in one hospital. But, perineal care practice is one of the routine and universal care offered in ICUs, so this result can likely be confidently applied to the other hospitals. The second limitation is a methodological flaw by using asymptomatic bacteriuria as the endpoint. CDC's definition of UTI comprises symptomatic UTI and asymptomatic bacteriuria. Asymptomatic bacteriuria may not progress to UTI, so clinical trials that used bacteriuria as an endpoint are methodologically incorrect (Trautner, Hull, & Darouiche, 2005) . But, this study was done in ICUs and it was almost impossible to collect UTI symptom data from the patients who were in artificial ventilation or who were unconscious. The third limitation is the small sample size. We could collect urine samples from all patients at baseline and during 1 week after beginning the catheter. But, only 53 and 25 samples were collected during the 1-2 and 2-4 weeks after beginning the perineal care, respectively. Although we excluded the cases that developed CAUTI, the sample size was still smaller than expected. Also, urine samples could not be collected from patients who died or who were transferred to other places, because nurses in charge were not able to find a time to collect the urine samples before removing the catheters in that situation.
CONCLUSION
We found no significant difference in the incidences of CAUTI even after controlling for age, antibiotic use, fecal incontinence, consciousness, fever and diabetes, so any kinds of perineal care agents could be used in the ICUs. However, considering the limitation of the study, we recommend further studies to compare the incidences of CAUTI of the perineal agents with larger sample size and to see the users' preference on the agents.
